PCBs, polychlorinated biphenyls (polychlorinated biphenyls), are the generic names given to the class of organochlorine compounds resulting from the reaction of the biphenyl group with anhydrous chlorine in the presence of a catalyst. They are toxic, persistent, bioaccumulative and pose the risk of causing harm to human health and the environment. Large quantities of PCBs were produced in several countries between 1927 and 1977. In the United States the prohibition occurred in 1977. Due to high toxicity, production and marketing of PCBs have been banned worldwide since 1980. It was carried out at the Chemistry Institute of Sao Carlos-University of Sao Paulo, and developed a procedure for decontamination of mineral insulating oil containing PCBs values above 50 mg/kg. In the procedure, the contaminated oil was passed by percolation in a column containing polyurethane foam derived from vegetable oil, produced by the Laboratory of Analytical Chemistry and Polymer Technology (GQATP), thus obtaining a 55% reduction in the levels of PCBs.
Open Access Library Journal thus distinguishing it from other oils of vegetable or animal origin. Insulating mineral oils are obtained by appropriate refining and extraction processes from certain fractions of natural petroleum distillation. In principle they consist exclusively of hydrocarbons and may also contain impurities or traces of special additives [1] . Polychlorinated biphenyls (PCBs) are a family of synthetic chlorinated aromatic hydrocarbons with good thermal and electrical properties. These properties combined with excellent chemical stability have made them useful in numerous commercial applications. It is estimated that due to the large use of PCBs the accumulated world production since 1920 was approximately 1,200,000 tons. Of this total, about 60% was used in transformers and capacitors, 15% for heat transfer fluids and 25% as additives in the formulation of plasticizers, paints, adhesives and pesticides. However, its chemical stability and resistance to biodegradation have given rise to concerns related to environmental pollution, hygiene and safety at work. It can be estimated that about 40% (300,000 tons) entered the environment and that much of the rest is still in use, especially in old electro-electronic equipment [2] . The most important and probable routes of contamination of PCBs to the environment are: accident or loss in the handling of PCBs and/or fluids containing PCBs; vaporization of PCB contaminated components; leaks in transformers, capacitors or heat exchangers; leakage of hydraulic fluids containing PCBs; irregular storage of waste containing PCBs or contaminated waste resulting from the incineration of products containing PCBs; industrial effluents and/or sewage discharged into rivers and lakes [2] . Growing concern about the environmental impact of PCBs has progressively restricted their use since the early 1970s, and use in new plants and equipment was banned by international agreement in 1986. In new equipment, the insulation mineral oil can no longer contain PCBs in its formulation, having to present a certificate of chemical analysis proving its absence. In Brazil there are no records of the production of PCBs, all of which is imported mainly from the United States and Germany. The restrictions for its use were implemented through Inter-ministerial Ordinance 19, dated January 2, 1981. This decree establishes, among other things, a ban on the manufacture, commercialization and use of PCBs throughout Brazil. This decree also establishes that, in old equipment, where PCBs are present in the insulating oil, whenever there is a risk of potential contamination (oil treatment, transformer repairs, etc.), the oil must be analyzed according to the standard ABNT NBR 13882 [3] . If the PCB content exceeds defined limits, measures must be adopted as indicated in ABNT NBR 8371 [4] . The aforementioned ordinance also prohibits the disposal of PCBs or contaminated products in watercourses, or exposure of equipment containing PCBs in bad weather, in addition to regulating the place of installation of equipment containing PCBs that are still functioning.
Materials and Methods

Samples
The procedure for insulating mineral oils was performed according to ABNT 
Reagents and Solutions
The extraction of PCBs present in insulating mineral oil was performed using a 
Results and Discussion
Solutions of the standards of Arocloros 1242, 1254 and 1260 were obtained from Supelco USA. Initially they were prepared separately and then using a mixture of the three standards, as shown in Figure 2 .
The analytical curve ( Figure 3 ) was prepared by triplicate injection using a mixture of the three standards in the following concentrations: 1 mg·kg Sorption of a compound of a solution into a solid occurs as a result of one of two characteristics in a given system, or the combination of both. The first driving force may be a consequence of the lack of affinity of the compound for the solvent, lipophilicity, while the second is due to the higher affinity of the solute for the solid. In most situations there is a combination of the two forces [7] . The solute establishes bonds with the functional groups of the solid surface by electrostatic, van der Waals or chemical attractions [8] . Therefore, three main types of sorption are distinguished: ion exchange, physical sorption (adsorption) and chemical sorption (absorption).
In order to verify the behavior of the saturation curves determining the non adsorbed quantity after the elutions, three types of foams were used: 1) Functio- again by separating a new aliquot, and so on, until 10 aliquots were obtained.
In Figure 4 the results showed that there was a 24% reduction in the amount of PCBs after 10 elutions.
50 mL of mineral insulating oil (65 mg·kg −1 of PCBs) was eluted at 40˚C through 2.0 g of thiodiglycol containing functionalized foam, as shown in Figure   5 . A 2 mL aliquot was then separated for further chromatographic analysis.
Thereafter, all the oil was eluted again by separating a new aliquot, and so on, successively until 10 aliquots were obtained.
The results of Figure 5 shows that the foam functionalized with thioglycol presented an 11% reduction in PCBs, compared to the initial value of 65 mg·kg −1 of the insulating mineral oil.
50 mL of insulating oil (65 mg·kg −1 of PCBs) were eluted at 40˚C through 0.1 g ( Figure 6 ) and 2 g of "2S" (non-functionalized) foam ( Figure 7) were then eluted an aliquot of 2 mL was separated for further chromatographic analysis.
The whole oil was eluted again by separating a new aliquot, and so, successively until 10 aliquots.
The previous results ( Figure 6 and Figure 7) showed that the used masses of The results presented in Figure 9 with the non-functionalized foam showed a reduction of 55% of the contents of PCBs 65 mg·kg −1 contained in the insulating mineral oil at 40˚C in relation to the initial value, since the amount of PCBs adsorbed by the foam was lower at 40˚C, the adsorption was monitored by gas chromatography (GC-DCE), using a chromatographic column RTX5MS (5% Diphenyl, 95% Dimethylpolysiloxane). In the experiments, a high selectivity of polyurethane foam was observed, leading to a 55% reduction in polychlorinated biphenyls in non-functionalized foam, 24% in ammonium polysulphide functionalized foam and 11% in thiodiglycol functionalised foam. Therefore, there is a feasible formation between the donor-acceptor or the "charge transfer" systems between the several complexes of organic compounds and polychlorinated biphenyls (PCBs), postulated by several authors [9] . In addition to that the solute can establish connections with the functional groups of the solid surface by electrostatic, van der Waals or chemical attractions, all of them originating in electromagnetic interactions of the nucleus with the electrons [8] .
In Figure 10 The extraction results of PCBs adsorbed onto the foam using the n-hexane solvent, shown in Figure 11 , presented values of approximately 40 mg·kg −1 (first cycle) to about 2.0 mg·kg −1 (last cycle ), a 95% reduction after 4 extractions in Sohxlet extractor, changing the solvent every 5 cycles. It was monitored by gas chromatography. These results show that this polymer can be used for the extraction of mineral insulating oils contaminated with PCBs and these can be eluted with solvent n-hexane, thus avoiding contamination of the environment.
CANGEMI et al., [10] and CLARO NETO et al. [11] showed in their studies that foams synthesized from vegetable oil presented biodegradable characteristics, thus avoiding pollution of the environment.
Conclusions
The adsorption of polychlorinated biphenyls (PCBs) in mineral insulating oil was studied in a thermostatic glass column containing foam disc and pulverized rigid polyurethane foam derived from vegetable oil.
Analyzing the results of these experiments it was verified that the objective of the research was reached, since the reduction of the initial content of 65 mg·kg −1 of PCBs contained in the oil to 29 mg·kg −1 presented a reduction of 55% above the specified minimum value of 50 mg·kg −1
. Therefore, this research reached the proposed objective for the reuse of the insulating mineral oils subjected to this adsorption and desorption process aiming at decontamination, minimization of costs and environmental impacts.
